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Fig.1. Limbs of Polyphemus - outer side. 
I - IV Limbs, exp - exopodite; 
end - endopodite; 
1 - 3 - segments of endopdite; 
4 - basipodite. 
1. 
Observations on the behaviour of Polyphemus pediculus and functions 
of its extremities in the process of feeding. 
L.G. BUTORINA 
The crustacean Polyphemus pediculus seizes its prey, kills it and 
pulverises its food with the help of its extremities. Therefore for a 
study of its feeding method it was necessary not only to have been acquainted 
in detail with the structure of its extremities, but also to have observed 
their interaction for the accomplishment of the stated functions. Finally 
it was achieved by means of observations on the crustaceans in the laboratory. 
Structure of the extremities and mouth parts. 
For the description of the structure of Polyphemus we orientate the 
crustacean as it usually stays in the water, i.e. head upwards. With such 
a position we consider the extremities and their parts lying nearer to the 
head to be situated higher than the parts lying farther from the head, i.e. 
nearer to the caudal end. The parts lying farther from the median line, i.e. 
the plane of symmetry of the body, we consider situated on the outside of 
the part lying nearer to this plane. 
The extremities and mouth parts in genral outline are decribed (Leydig 
1360, Müller 1867, Claus 1877, Eriksson 1934, Bening 1941). 
P. pediculus, like all polyphemids, has four pairs of limbs, of which 
the fourth is strongly reduced and represents by itself a broad oval plate 
(fig. l). The structure of the three anterior pairs of legs is nearly the 
same, but their size successively diminishes in the caudal direction. These 
limbs are of the grasping type, used in the capacity of catching extremities, 
and are abundantly set with bristles. Their exopodites, arranged on the 
outward side, near the oases of the first segment of the endopodite (on the 
basipodite), have the appearance of a broad rounded plate with 5 long 
Fig.2. Left limb of 1st pair - inner side. Mag. 7x40. 
1 - 3 - Segments of endopodite; 
4 - basipodite; 
5 - gnathobase; 
6 - median row of setae; 
7 - lateral row of setae. 
2. 
(setae)bristles (fig.l.) The exopodite of the fourth pair of limbs is reduced 
and has considerably lesser dimensions and carries only three setae (fig.4a). 
The endopodites of the first three pairs are armed with pinnate setae 
which are arranged along the lower edge of the 1st segment in two rows -
lateral and median (Bening 1941). The number of setae varies markedly: 
on the 1st pair these are 6-10 in the lateral row and 7-10 in the median. On 
the 2nd pair they are 5-7 in each row and on the 3rd pair 4-5 (fig.2-3); 
the 2nd and 3rd segments of the endopodites of all three pairs of limbs 
are armed equally and bear respectively one and two pairs of setae. 
Sharply prominent are the setae of the 1st pair; they are considerably 
longer than all the rest and reach the fourth pair of limbs. 
On the inner surface of the endopodites of the catching limbs are 
situated numerous fine short setae (fig.2 and 3), up till now depicted by 
no one. The setae sit in rows or groups on the small ribs of the inner 
surface of the limb. These ribs are especially prominent at the base of 
the first segment and on the basipodite. On the inner surface and along 
the middle of the first segment of the 2nd and 3rd pairs of limbs extend 
especially strong and sinuous ribs bearing elongated setae. Such a rib 
is absent from the first pair of limbs (fig.2). The inner surface of 
this pair of limbs has a somewhat simplified armament; rows of rather 
delicate and short setules traverse it only at the base and above its 
median line of setae. The 2nd and 3rd pairs of limbs have the inner side 
generally armed more strongly; they have clearly marked ribs and elongated 
spinules, formed in a great number of groups (fig.3). The second and third 
segments of all pairs of limbs have in ones or twos short rows of setae 
Fig. 3. Left limbs of 2nd and 3rd pair, inner side. 
Mag. 10x40. 
1 - 3 - segments of endopodite; 
4 - gnathobase; 
5 - median row of setae; 
6 - lateral row of setae; 
7 - basipodite. 
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running parallel to their margin or slightly inclined to it. 
On the inner side of the catching limbs, at their base, on the 
basipodite, is situated a masticatory appendage - the gnathobase, (fig. 
2 and 3), having a kind of papilliform process directed inwards. The 
masticatory appendage is most developed on the 2nd and 3rd pairs of limbs 
(fig. 3), where it has rather considerable length. All its surfaces are 
set with fine setae and spines which are disposed around its circumference in 
rows. Nearer to the base of the appendage the setae are finer and longer, 
to the end of the appendage they shorten, thicken, and are replaced by 
rows of spines. On the very apex of the appendage sit two large denticles. 
Spinules are scattered along the whole appendage, especially near its apex. 
The masticatory appendage of the 1st pair of limbs, besides having smaller 
dimensions, has also a considerably more simplified armament, the spinules 
on its surface are smaller, they are set only in small groups; of spinas, 
except for two apical, are none. The apical denticles are more drawn out, 
and one of them ends in a tassel of hairs (fig. 2), which is not noted on 
the denticles of the other limbs. On the 4th pair of limbs the masticatory 
appendage is reduced to one large blunt "spine". The purpose of the masti-
catory organ is to push the food into the food chamber and to retain it 
there. 
By itself among the linos stands the 4th pair (fig. 4). In the lit-
erature, data on the structure of its inner surface are completely absent; 
nor is there any elucidation of their purpose. The 4th pair of limbs, 
as already stated, presents itself as an oval somewhat elongated plate. 
The outward side is smooth, and on it one may separate the endopodite with 
two short sabre-like spines, and situated above it the reduced exopodite 
with three similar spines (fig. 4a). Thus, the limbs of the 4th pair carry 
Fig.4. 4th pair of limbs; 
a - outer side; b - inner side. 
1 - gnathobase; 2 - postabdomen. 
4. 
only 5 sabre- like spines directed below and fitting close to the 
postabdomen. The outer margin of the limb is somewhat turned inwards and 
set with groups of relatively long and fine setae (fig. 4b). Along all 
the inner surface of the 4th pair of limbs stretch sinuous ribs. In the 
upper part of the limbs the ribs are set with setae in the lower (nearer 
to the postabdomen) with small spines, which are usually many near the 
spine-like rudimentary masticatory appendages (fig. 4b). Thus, the 4th 
pair of limbs has a highly complicated and strongly armed inner surface. The 
limbs are always brightly coloured in a blue-crimson tone. 
From the base of the catching limbs behind the masticatory appendages 
the body of the crustacean is concave in a kind of hollow, which stretches 
along the gut from the 1st to the 4th pair of limbs (fig. 5). This is the 
food or "catching" chamber as it was named by Eriksson (1934). It has a 
curved C-shaped form and most deeply juts into the body of the crustacean 
(in the "compressed" state) in the region of the 3rd pair of limbs. (fig. 5b). 
In the stretched-out catching state it lengthens and has less depth (fig. 5a). 
The chamber is small, but the soft back wall is invaginated into the body 
of the crustacean, increasing its dimensions. 
The mouth parts of Polyphemus consist of the upper lip, a pair of 
mandibles and a pair of maxillae. (fig. 6). 
The upper lip presents itself as a massive mobile formation, situated 
below the eye and the first antenne; its apex is found on a level with the 
base of the 1st pair of limbs (fig. 6). At the time of catching the prey 
it raises itself upwards together with the head above the 1st pair of 
limbs (fig. 6b). When food is seized, the head is lowered and with it also 
the upper lip, which sinks between the bases of the 1st pair of limbs, 
closing the food chamber on the ventral side. 
Fig.5. Diagram of longitudinal section of Polyphemus in 
straightened and compressed states, 
a - body straightened (before seizing prey); 
b - body of the crustacean in the usual compressed state 
(after seizing prey). 
Ant. - antennae; Md. - mandibles: I - I V - Limbs; 
1 - 3 - segments of endopodite; 4 - basipodite; 
5 - exopodite; 6 - cervical organ; 7 - outer membrane 
of oesophagus; 8 - inner membrane of oesophagus; 
9 - stomach; 10'- mid-gut; 11 - rectum; 
12 - dilatator of rectum; 13 - food chamber; 
14 - upper lip; 15 - abductor of upper lip; 
16 - levator of upper lip; 18 - upper lip muscle. 
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The upper lip consists of two parts (fig. 6a and 6b) and joins it-
self to the body by a quadrangular sclerite below the base of the 1st 
antennas. Properly speaking the lip resembles a two-tiered roof. Its 
upper curving-bulging sclerite has a complicated form of peak, the outer 
corners of which are drawn out and curved. The sclerite is of small 
dimensions, immobile, and always brightly coloured in a crimson-blue tone; 
the outer edge of it is set with transparent setules. 
The lower part of the upper lip (fig. 6,3) considerably nigger than 
the upper peak, has a rounded-triangular form with a horse-shoe shaped base 
and is somewhat concave; it resembles a scoop. (fig.6,3). On the lower 
surface of this part pass 2-3 transverse rows of setules and one row of 
chitinous serrations (fig. 7a). The setules in the rows sit in groups. 
The outer edge of it is serrated and densely set with elongated setules. 
The upper lip is extraordinarily mobile and the oblique upper-lip 
muscle operates it (fig. 5, 6), as described by Glaus (1877). At one of 
its ends the muscle passes below the hepatic process of the stomach and 
attaches itself to the cervical organ, at the other to the middle of the 
upper sclerite of the upper lip (fig. 5, 6), which Claus names the, abductor. 
From the place of attachment of the abductor down, below the angle goes a 
small muscle, which attaches itself by the free end to the top of the lower 
part of the upper lip. (fig. 5B and 6a). This is the levator, i.e. "Lift". 
he succeeded in discerning the process of shortening of the upper lip, 
oy which the angle between the abductor and the levator disappears, and both 
muscles make up one straight line, (fig. 5a); thus takes place the shortening 
of the connecting sclerite and the lower part of the upper lip, which compress 
themselves, raising the whole lip to the case of the 1st antennae. By 
Fig.6. Mouth parts of Polyphemus. 
a - in quiet state; b - at moment of ingestion, 
ant. - antennae; Md. - mandibles; Mx - maxillae; 
1 - connecting sclerite; 2 - Upper (proximal) part 
of upper lip; 3 - lower (distal) part of do,. 
4 - abductor; 5 - levator; 6 - oesophagus. 
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the shortening of the muscle, the lower part of the lip not only 
raises itself, but also compresses itself into a hall, contracted in 
a transverse direction, the very outer edge of it even becoming 
somewhat twisted, and bent upwards. By the slackening of the muscle, 
the upper lip throws itself forward and takes up the original position. 
The form of the upper sclerite does not change by the raising of the 
upper lip. 
The mandibles and maxillae are well described (Leydig, 1860; 
Glaus, l877; Bening, 194l). One can add only the following: the 
mandibles are situated near the base of the lower part of the upper 
lip, directly in front of the opening of the fore gut (fig. 5, 6). Their 
pointed base is found below the base of the 2nd antennae. From there 
they extend, widening, to the base of the first pair of catching limbs, 
where they curve, ending in thick serrated chitinous plates in front 
of the mouth opening. (fig. 5, 6.) Thus, the pair of mandibles as 
it were forms a half-ring, from the base of one of the 2nd antennae to 
the other. The teeth of the mandibles are short, pointed, and 
situated on the masticatory edge in groups, forming 3 transverse rows 
on each, (fig. 7b). 
The most powerful teeth are on the inner row, and in the outer 
they are smaller and finer. In the middle row, besides teeth, there are 
also sensitive setules especially many of them in the lower group of 
teeth, farthest from the upper lip (fig. 7b) . The pair of mandibles 
in the resting state are disposed in such manner that the teeth of one 
Fig.7. Details of structure of upper lip and mandibles. 
a - distal part of upper lip, inner side. 
1 - distal edge; 2 - proximal edge; 
3 - chitinous teeth; 4 - transverse rows of setules. 
b - Masticating edge of mandibles. 
I - from inner side; 
II - from outer side; 
1 - upper group of teeth; 
2 - lower group of teeth. 
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of them are in the interdental spaces of the other and can perform 
small movements, not touching one another. For the mandibles there 
are characteristically two types of movements: firstly, they can lower 
themselves into the food chamber and raise themselves to the opening 
of the oesophagus, secondly, simultaneously with raising the mandibles, 
they can perform grinding movements with the teeth, by which the 
chitinous plates begin quickly to move themselves up and down relatively 
to one another. 
The pair of maxillae is situated in front of the masticatory 
plates (fig. 6.) These rudimentary organs, well described by Glaus 
(1877) and Bening (1941), present themselves as small rounded protrusions 
and are densely set with hairs. 
The digestive canal is also well described by Claus. It is 
necessary only to detail the description of the foregut, or oesophagus 
(Fig. 5). It begins from the base of the upper lip, directly above 
the mandibles and has the form of a narrow straight tube consisting 
of two layers. The outer layer is thick and somewhat plicate, especially 
at the beginning, near the upper lip. The inner layer is thin and 
smooth. The oesophagus constantly pulsates: the walls of its inner 
layer now approach one another, now diverge. By the shortening of the 
upper lip the beginning of the oesophagus is noticeably widened. The 
oesophagus extends from the upper lip along the body of the crustacean 
in the direction of the cervical organ, in the region of which the 
narrow tuba of the oesophagus abruptly turns into the widening of the 
mid gut, named the stomach; two lateral processes of the stomach 
impart to it a triangular form (according to Glaus, they are homologus 
with the hepatic processes of Daphnia). The whole gut has a C-shaped 
form, furnished with ring muscles, and extends to the tail end of the 
8. 
body ending in a short widened rectum on the postabdomen (fig. 5). 
The walls of the rectum constantly pulsate, compressing in the 
transverse direction under the action of powerful muscles - the 
dilatators. These pulsations, as Glaus states, provide for the 
excretion of food residues and to a certain extent intestinal res-
piration through the rectum. 
Method of feeding. 
Polyphemus pediculus by its manner of catching food appears 
undoubtedly raptatory. The well-developed eye allows the crustacean 
to see its victim while still afar off and at once to orientate its 
body and catching limbs relative to the position of the prey. If the 
prey is on the bottom, then Polyphemus swims with its limbs downwards, 
if it is in deep water, then the crustacean swims retaining a vertical 
position of the body, and when the victim is at the surface the crust-
acean turns over with its limbs upwards. As soon as the crustacean has 
seen the prey, its usually quiet and smooth movement sharply changes; 
it throws itself at the victim and at the beginning, as it were, 
sniffs at it with its mobile 1st antennae and makes somewhat small 
circular movements over the prey, gradually quickening them. With each 
circle the movement becomes sharper, more zigzag and at last with a 
sharp rush the crustacean seises the prey. This "sniffing" and seizing 
movements of the crustacean always many times exceed the speed of the 
victim. It seizes the prey so quickly that with difficulty can one 
note the movement of the catching limbs, especially in the hunting of 
infusoria and objectives of similar dimensions. With the feeding of 
the crustacean on immobile objects, for example fragments of detritus 
lying on the bottom, its movements are quiet and considerably more slow. 
9. 
These fragments Polyphemus takes either straight from the "bottom or 
(and this happens more often) it first stirs up the water, "by the action 
of its 2nd antennae, and seizes the fragments when they rise from the 
bottom into the thick of the water. Uneatable lumps the crustacean 
at once throws out backwards. Polyphemus very rarely seizes prey of 
which the dimensions considerably surpass its (own). We succeeded 
only twice in observing how it literally dragged after itself along 
the bottom of the Petri dish males of Daphnia longispina. In the 
majority of cases its food consists of fragments of detritus and 
animals which in dimensions wholly accomodate themselves in the 
food chamber. 
The process of seizing happens with lightning speed: the body 
of Polyphemus stretches, corning to the catching state (fig.5a) , the 
head is turned back to the dorsal side, the upper lip raises itself, 
shortening, and. takes position above the 1st pair of limbs. The 
catching limbs sharply separate themselves to the sides, the 2nd and 
3rd pairs more widely than the 1st. The longest limbs of the first 
pair always take position above the space between the limbs of the 
2nd and 3rd pairs, so that the 1st pair of limbs already raises 
itself upwards, a little stretched forward, so that in the catching 
state it is somewhat separate from the drawn-together 2nd and 3rd pairs of 
limbs. The limbs of the 4th pair, though they somewhat separate them-
selves to the sides, never take part in catching the prey. 
The crustacean seizes the pray in the following manners the 
limbs of the 1st pair make a stroke so as to drive in the food, and the 
limbs of the 2nd and 3rd pair, seize it. By the action of the limbs 
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of the 2nd and 3rd pair, Polyphemus pushes through the food to the 
ventral side of the 'body, into the food chamber. All the limbs are 
tightly closed, forming an arch, limited on the outside and the upper 
side by the exopodites and closed-up segments of the endopodites and 
their bristles. The head lowers itself, straightening, and the upper 
lip and. the knee-shaped bases of the 1st antennae tightly press them-
selves to the first segments of the 1st pair of limbs. Thus the food 
gets into an enclosed space. The process of eating it begins. The 
mandibles lower themselves into the food chamber, the upper lip muscle 
shortens, and the upper lip raises itself, compressing itself and 
twisting somewhat, and the opening of the oesophagus widens. The 
mandibles sharply grasp the food and, grinding it with their teeth, 
raise (it) to the upper lip, to the opening of the oesophagus, (fig.6b). 
As soon as food is raised by the mandibles, the upper lip muscle 
staightens itself and the upper lip lowers itself down, taking the 
initial position. The food finds itself in the opening of the 
oesophagus. A great role in this is played by the armament of the 
inner surface of the upper lip; its setules and teeth assist in 
pushing the food into the oesophagus, holding it. The pulsating layer 
of the oesophagus sucks in the soft food into the dilated stomach, 
where takes place its digestion. The food is pushed along the gut 
under the action of continuous pulsations of the oesophagus and strong 
transverse contractions of the rectum. 
The chitinous parts, shells and other uneatable parts, the crust-
acean throws out from the food chamber into the water, by the action 
of the limbs of the 2nd and 3rd pair. As was already stated above, 
the limbs of the 4th pair do not take part either in seizing the prey 
or in the process of processing the foods they serve for cleaning the 
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anus. For that purpose are intended the strong armaments on 
their inner surface and the curved sabre-like spines on the exo- and 
endopodite. Situated on the outer turned-up edge of the limbs the 
spines are curved in to the side of the postabdomen and therefore 
well adapted for this object. When the postabdomen raises itself, 
unbending the tail appendage from the egg sac, the anus passes between 
the inner bristles of the limbs of the 4th pair. In the process of 
feeding the crustacean several times in succession unbends the tail 
appendage, cleansing the protuberance of the postabdomen with the anus 
between the inner surfaces and sabre-like spines of the limbs of the 
4th pair. 
We see that Polyphemus by its method of hunting for its food 
appears undoubtedly raptorial. It does not simply suck in water with 
food objects in it by parting the limbs to the sides as described by 
Eriksson (1934), but actively hunts, actively seizes its prey, and 
actively pushes through the food by means of the gnathobases into the 
food chamber. The food enters the gut only from this closed chamber, 
the dimensions of which determine to some extent the choice of food 
of Polyphemus. The captured prey is not swallowed but is ground by 
the multiple teeth of the mandibles and sucked in by the pulsating 
oesophagus. 
Thus Polyphemus by the character of its feeding takes a transitional 
step from non-predatory to predatory feeding. This peculiarity 
declares itself in the structure of its limbs and mouthparts, not 
having so sharply marked precatory traits as for example in the case 
of Bythotrephes. 
We tried originally to elucidate the question of the composition 
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of the food of Polyphemus in natural conditions by means of opening 
the gut. However, apart from a uniform homogeneous mass, we succeeded 
in discovering nothing in the gut of the crustacean. The colour of the 
mass depends fin the food eaten and may be bright- or dark-green, grey, 
brown or black. Out of 100 guts opened, in 85 nothing was discovered 
except a homogeneous mass. In 15 guts in the midst of this basic 
ground-up mass were found protococcal and flagellate cells. Amongst them 
were noted Tetraedron, Trachelomonas, Phacus, Dinobryon,colonies of 
Eudorina and Pandorina. The number of protococci in the gut fluctuated 
from 1-32 cells (Pediastrum colonies). Out of the flagellates most 
often were found colonies of Pandorina, Eudorina and Dinobryon. 
The remaining flagellates were met singly. Quite possibly these 
algae could be found by chance together with other food objects. 
No remains whatever of large animals were discovered in the 
gut of the crustacean. The method of eating the food, the pulsations 
of the oesophagus and the homogeneous content of the gut suggest 
the idea that Polyphemus sucks out its prey. Observations showed that 
the crustaceans often seized active prey from the small invertebrates 
and really sucked them out. We have watched the sucking out by the 
crustacean of Daphnia and a rotifer of the genus Brachionus, 
Polyphemus seizes Daphnia by the head and begins eating it with the 
eyes. The valves, limbs and antennae the crustacean always throws 
out backward from the food chamber, as also the armour of Brachionus. 
Lore detailed information on the composition of the food of 
Polyphemus pediculus and on the possibility of assimilation by it of 
different food materials forms the subject of another article. 
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